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A B S T R A C T   

Yeasts are alternative source of natural carotenoids, a group of colored terpenoids with various market appli
cations. Carotenoid Production by yeast fermentation technology is greatly effective and proposes considerable 
benefits with large scale production, cost effectiveness and safety. In this study, four pigment-producing yeasts 
were isolated from forest park soils with the potential to produce carotenoids. Morphological, physiological, 
biochemical and molecular characterization indicates the isolates belong to Rhodotorula mucilaginosa. Carotenoid 
production was optimized by small scale cultivation. The optimum condition was 120 h of incubation at pH 6.0, 
28 ◦C, white light irradiation, Yeast Extract Peptone Glycerol medium composed of 10 g/L yeast extract, 20 g/L 
peptone, 20 ml/L glycerol, yielding maximum content of 223.5 μg/g dry weight. The β-carotene content was 
confirmed by HPLC and FT-IR. The results suggested that soil yeasts are potential sources of carotenoids that 
could be utilized as a natural agent for industrial products.   

1. Introduction 

Today, the need for natural colors used in various industries such as 
pharmaceuticals, food, cosmetics and health leads the human to use 
natural resources. A wide range of colors from yellow and orange to red 
and purple in plants, animals and microorganisms are due to the pres
ence of pigments, one of the most important of which is carotenoids. 
This pigment is one of the most important and valuable secondary me
tabolites with important physiological effects on the human body, 
including strengthening the immune system and reducing the risk of 
many diseases such as cancers [1, 2]. 

Carotenoids can arise from two major sources: natural or synthetic 
source. Natural colorants are those obtained from plants, animals and 
microorganisms while synthetic colorants are those artificially made 
from chemical substances [3]. The chemical production of carotenoids, 

in addition to the high cost, has several limitations such as the pro
duction of by-products with harmful effects on the environment and the 
possibility of toxicity. Therefore, today, the use of natural alternative 
resources with mass production ability instead of chemical products 
without side effects, is an important issue that has led consumers to 
prefer natural outputs of this valuable product to artificial ones. 

Moreover, various species of microorganisms focused high consid
eration as alternative biosources [4] that producing carotenoids by them 
is considered to be industrially competitive. They have relatively higher 
growth velocity than plants and animals with such potential [5]. The 
same instability as those isolated from naturally grown plants is shown 
by pigments isolated from animal cells. Thus, microorganisms are better 
alternatives for novel biotechnologically derived colors. Regarding the 
microorganisms, naturally pigmented yeasts have potential to make 
high value of carotenoids like β-carotene, lycopene, torulene, 
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astaxanthin, etc. Carotenoid-producing yeasts are highly indicated by 
Rhodotorula sp., Rhodosporidium sp., Sporobolomyces sp., Xanthophylo
myces sp. [6, 7]. Carotenoids are significant for their high distribution, 
structural diversity, and different performances. More than 600 carot
enoids were isolated and characterized from natural sources [8] which 
just some of them are commonly exploited on industrial scale. 

Beta carotene is one of the main carotenoids which is one among 
them that were known to indicate provitamin A activity [9, 10]. Several 
researches were surveyed and correlate β-carotene and their disincen
tive impact on diseases involving cancer [11 – 13, 14, 15], photosensi
tivity disorders [16, 17], cardiovascular diseases [12, 18], age-related 
ones [19–21]. The global production of β-carotene has increased 
regarding highly utilizations in various regions. β-carotene as a great 
amount compound indicated a global market of $ 309 million in 2018 
with an annual growth rate of 3.6% [23]. In addition, its health related 
role other utilization for β-carotene is as food, cosmetic and care prod
ucts colorant [23, 24]. 

The presence of several profitable characteristics has made high in
terest in the industrial production of β-carotene. Although β-carotene in 
plants is natural, regarding low percentage in plants, today’s plant 
extraction approaches are less usually utilized for industrial production 
of β-carotene [25]. Besides, large-scale β-carotene extraction from fruits 
and vegetables is not feasible based on economic, environmental and 
logistical constraints. In addition, natural β-carotene arisen from yeasts 
is considered to be secure due to nontoxic, non-carcinogenic and 
biodegradable in nature [25–27]. Hence, from industrial viewpoints, 
there is a requirement to advance a high throughput and cost-effective 
methods for high scale production of microbial β-carotene. Carotenoid 
making microorganisms like yeasts are plentiful in natural environment. 
Soil has a multiple and considerable ecosystem which can obtain mi
croorganisms with biotechnological potential for producing β-carotene. 
This research aimed at screening and determination of 
carotenoid-producing yeasts from the soils of forest parks in Tehran 
urban green belt, capital city of Iran, optimization the nutritional and 
environmental parameters for their carotenoid production regarding 
β-carotene. 

2. Materials and methods 

2.1. The materials and reagents for cultures and biochemical-based 
reactions were purchased from Merck (Darmstadt, Germany) 

2.2. Ecosystem, sampling, culture media, yeast isolation 
Soil samples were gathered from forest parks, namely Sorkhe Hesar 

(35◦38′18′′N, 51◦34′46′′E), Khojir (35◦24′36′′N, 51◦24′36′′E), Lavizan 
(35◦45′49.26′′N, 51◦30′3.5′′E) and Chitgar (35◦44′2.04′′N, 
51◦12′34.92′′E) in Tehran, Iran. These urban forests with dark color and 
rough texture due to the dominance of Coniferae, in a strategic location, 
play the role of preserving the green belt and determining the urban area 
of Tehran, which regulates the structural form and act as respiratory 
lungs for the city air. Topographically, they are very uneven and 
composed of plains, hills and highlands, and soils are classified as 
Entisols [28]. Sorkheh Hesar in altitude range of 1280–1493 m altitude 
sea level (a.s.l.) and Khojir in altitude range of 1200–2200 m a.s.l. are 
located in the eastern part of the city, Lavizan in altitude range of 
1390–1590 m a.s.l. is located in the northeast and Chitgar in altitude of 
1260–1290 m a.s.l. is located in the westernmost part of Tehran. The 
mean annual rainfall in the aforementioned forest parks is 275, 300, 
250, and 242 mm, and the average annual temperature is 12.6, 11, 15 
and 17.1 respectively, which would cause temperate semi-arid climate 
in these regions. 

The surface of these forests is mostly densely planted with tree spe
cies, the predominant species of which are evergreen Coniferae, espe
cially eldarica pine (Pinus eldarica), mountain pine (Pinus mugo) and 
arizona cypress (Cupressus arizonica). Of course, some parts have a va
riety of broad-leaf trees such as Ailanthus glandulosa, Cercis siliquastrum, 

Robinia pseudoacacia and Morus sp. but planting in almost all parks is 
done in single planting stands. Pinus needle-leaf sites were sampled 
randomly in February 2018. Samples were gathered with scraping of soil 
surface with sterile spatula and about 10 gr of soil were provided from a 
depth of 2–5 cm at a distance of 1 m from a pine tree trunk. The samples 
were transported to laboratory in a sterile plastic bag with an ice bag for 
subsequent analysis. To isolate pigmented yeast colonies with desired 
coloration of yellow to red from the soil samples, standard microbio
logical serial dilution and plating techniques were applied. All plates 
were incubated at 28 ◦C for 48–72 h. Chosen pigmented colonies are 
streaked on to suitable maintenance agar media for pure culture isola
tion and future determination. Potato Dextrose agar (PDA, potato infu
sion 200 g/L, Dextrose 20 g/L, Agar 20 g/L), Sabouraud Dextrose agar 
(SDA, Dextrose 40 g/L, peptone 10 g/L, Agar 15 g/L), Yeast Extract 
Peptone Glycerol (YPG, Yeast extract 10 g/L, Peptone 20 g/L, glycerol 
20 mL/L, Agar 20 g/L), and Yeast Malt Extract agar (YMA, 3 g/L yeast 
extract, 3 g/L malt extract, 5 g/L, Peptone 5 g/L, Dextrose 10 g/L, Agar 
20 g/L) were utilized to culture. 

2.3. Determination and characterization of yeast isolates 

To survey morphological and physiological features, the pure culture 
of chosen yeasts was applied according to the approaches explained by 
Kurtzman et al. [29]. Molecular characterization of promising isolates 
was handled based on ITS region for appropriate confirmation. Cell 
biomass was gathered from 3 mL of cell culture grown in YPG media 
which centrifuged in refrigerated centrifuge at 8000 rpm for 10 min and 
washed with distilled water. Genomic DNA was extracted applying DNP 
Kit (Sinaclon, High yield DNA purification Kit, Cat No: EX6071) 
considering manufacturer’s instructions. 

ITS area was amplified applying ITS 1 (5′-TCCGTAGGT
GAACCTGCGG-3′) was the forward primer and ITS 4 (5′- 
TCCTCCGCTTTATTGATATGC-3′) was reverse primer (Metaboin Inter
national AG) [30]. Each 30 µl PCR mixture involving 15 µl Parstous 
(www.parstous.com) Master Mix (2X Taq Premix: involving Taq DNA 
Polymerase, reaction buffer, dNTPs mixture, protein stabilizer), 12 µl 
double distilled water (DDW), 1 µl each primer (10 µmol) and 1 µl 
genomic DNA. Thermal profile was as follows: initial denaturation at 
95 ◦C for 2 min, 35 cycles of 95 ◦C for 1 min, 50 ◦C for 1 min, 72 ◦C for 1 
min, and a final extension for 7 min at 72 ◦C. PCR products was analyzed 
by electrophoresis and visualized on 1% agarose gel stained with syber 
safe. Purified PCR products were sequenced in both directions by Bio
neer Company (Republic of Korea). 

2.4. Test for presence, fermentative production, extraction and 
identification of caretonoids 

2.4.1. Analysis of optimal conditions for maximum carotenoid biosynthesis 
and biomass yields 

Culture media including YM (3 g/L yeast extract, 3 g/L malt extract, 
5 g/L peptone, Dextrose 10 g/L), YPG (20 g/L peptone, 10 g/L yeast 
extract, 20 mL/L glycerol), YPD (20 g/L peptone, 10 g/L yeast extract, 
Dextrose 20 g/L) and PDB (200 g/L potatoes, Dextrose 20 g/L) were 
utilized to find the suitable medium for pigment production. The isolates 
were grown in each medium in triplicates and cell growth was 
controlled for up to 120 h by assessing OD600 nm at various sampling 
times. Due to provided results, the graphs of optical density (OD) of 
cultures from cultivation time were provided. After measuring optical 
density and pigment production, YPG medium culture was chosen as 
suitable medium to optimize carotenoid production. In addition to cul
ture medium which can regulate genes expression of interest and acti
vate metabolic pathways significant for the production of pigments, 
some factors were influencing cell growth and pigmentation. After 
assessing isolates growth on chosen culture medium, subsequent impact 
of different factors on carotenogenesis was investigated and fermenta
tion flasks were subjected to various cultivation conditions like 
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incubation time, temperature, initial pH amount and light due to YPG 
liquid medium to identify the optimum condition for the pigmentation 
of isolates and carotenoid production. The parameters were adjusted 
due to the experimental design to assess biomass yields and carotenoid 
content in such conditions. 

2.4.2. Fermentation condition 
To obtain the inoculum, liquid YPG medium was inoculated by one 

loopful of yeast culture on agar plates. Triplicate cultures were grown in 
flasks containing 100 mL of medium on a rotary shaker, at 150 rpm for 
72 h. The experiment was handled applying a series of Erlenmeyer 
flasks, shaken at 150 rpm for 120 h, each flask contained 90 ml YPG 
medium inoculated with inoculum constituting 10% of the culture 
volume. 

2.4.3. Identification of biomass yield 
By gravimetric approach after cultivation, the biomass yield was 

identified. 10 mL of the medium was centrifuged for 20 min at 8000 × g, 
the supernatant was poured off and biomass was washed twice with 
deionized water to delete any residual. For obtaining a constant mass, 
the wet cell biomass was dried at 105 ◦C. The results were computed in 
grams of dry weight per liter of culture medium (gd.w./L). 

2.4.4. Identification of carotenoid content in biomass yield 
The carotenoid content in yeasts biomass was spectrophotometri

cally identified. To this purpose, pigments were extracted with a mixture 
of 2 mL acetone (Romil, Cambridge) and 2 mL petroleum ether (Sigma 
Aldrich, Milan, Italy) preceded by the destruction of yeast cell wall by 2 
mL of DMSO (Merck) pre-heated at 55 ◦C and glass beads (d = 0.5 mm) 
with vigorous vortex. The extracts were centrifuged and the superna
tants were filtered through a 0.45 μm membrane filter and collected. The 
extracts were decanted into small separator funnels and 2 mL of satu
rated NaCl solution were added to the extracts. A clear-cut separation of 
the two phases appeared and the existence of carotenoid pigments was 
occurred as the upper petroleum ether layer was colored orange, pink or 
red. All methods were done under low-light conditions. Carotenoids 
were quantified using their tabulated absorption coefficients by 

spectrophotometry. The absorbance of colored ether fraction was esti
mated at λmax (450 nm) [31] utilizing a spectrophotometer (UV-1202 
spectrophotometer; Shimadzu, Germany). The total carotenoid content 
was noted as β-carotene-equivalents [32] calculated using the following 
equation [33] and indicated as microgram per gram of dry substance. 

Carotenoidcontent(mg / gd.w.) =
A × V(mL) × 106

A 1%
1cm × 100 × m(g)

A = Absorbance; V = Total extract volume; m = Dry cell biomass; A1%
1cm =

2592 (β-carotene Extinction Coefficient in petroleum ether). 

2.4.5. Analysis of beta-carotene in R. mucilaginosa isolates carotenoid 
extracts 

The Beta-carotene content of carotenoid extracts was analyzed by 
two methods; High Performance Liquid Chromatography (HPLC) and 
Fourier transform infrared spectroscopy (FT-IR). 

2.4.5.1. Analysis of beta-carotene in R. mucilaginosa isolates carotenoid 
extracts by HPLC. The Carotenoids content was analyzed using HPLC, 
applying a liquid chromatograph, model D-14,163 (Knauer, Berlin, 
Germany) equipped with a UV-visible photodiode detector. Analysis 
process was performed on a C18 column (Eurospher 100 A, 150 × 4.6 
mm, 5 μm) at a wavelength of 450 nm. Mobile phase was a solvent 
mixture of ethyl acetate, isopropanol and acetonitrile and tetrahydro
furan (2:4:4 v/v/v) with a flow rate of 1 mL/min. The injection volume 
was 5 μL. Beta-carotene identification was based on the retention time of 
the standard (838 K406623, E. Merck, Darmstadt, Germany). 

2.4.5.2. Analysis of beta-carotene in R. mucilaginosa isolates carotenoid 
extracts by FT-IR. Fourier transform infrared spectroscopy (FT-IR) 
analysis of extracted carotenoids was done as explained by Song [34], 
utilizing Thermo Scientific Nicolet iS5 FT-IR Spectrometer (Thermo 
Fisher Scientific, USA). To this purpose, the extracts were concentrated 
and pelleted with potassium bromide. Beta carotene from Merck (838 
K406623, E. Merck, Darmstadt, Germany) was applied as standard. 
Available spectrum ranges were 400 – 4000 cm− 1. 

Table 1 
The morphological, physiological and biochemical characteristics of isolated yeasts M14, M22, M23, M24.   

M14 M22 M23 M24  M14 M22 M23 M24 

color Orange Red Pink Orange Xylitol + + − +

Pseudohyfae + − − − Ribitol − − − −

Ascopore − − − − Galactitol − − − −

Mycelium − − − − D-Mannitol − − − −

Conjugation − − − − D-Glucitol − − − −

Glucose + + + + Melibiosi − − − −

Galactose + + + + D-Gluconate + + + +

Palatinose + + + + DL-Lactate + + + +

Sucrose + + + + Succinate + + + +

Maltose + + + + Citrate − + − −

Cellobiose − − − − Inositol − − − −

Trehalose + + + + Hexadecane − − − −

Lactose − − − − Nitrate − − − −

Melibiose − − − − Vitamin-free − − − −

Raffinose + + + + 2-Keto-D-gluconate − − − −

Melezitose + + + + Saccharate − − − −

Inulin − − − − D-Glucuronate + + + +

Soluble starch − − − − 50% Glucose − − − −

D-Xylose + + + + 10% NaCl/5% Glucose − − − −

Arabinose − − − − Starch formation − − − −

α-m-D-Glucosideo − − − − Urease + + + +

Glucose fermentation − − − − Gelatin liquefaction − − − −

N-Acetyl-D-glucosamine − − − − Thiamine-free − − − −

Methanol − − − − Growth at 37 ◦C + + + +

Ethanol − − − − Growth at 40 ◦C − − − −

Glycerol + + + + Cycloheximide − − − −

Erythritol − − − − Sedimentaion + + + +

(-) Negative test, (+) Positive test. 
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2.5. Gene submission 

The sequences of amplified ITS regions were edited and contrasted to 
rDNA sequences. The segments were compared to deposited data of 
GenBank utilizing BLAST (National Center for Biotechnology Informa
tion; http://www.ncbi.nlm.nih.gov/BLAST/). The obtained ITS se
quences of the isolates were submitted to GenBank (accession numbers: 
MW433717 and MW465350). 

2.6. Statistical analysis 

The data were obtained from triplicate experiments were presented 
as mean ± standard deviation. The statistical analyses of experimental 
data were handled utilizing ANOVA followed by Tukey’s multiple 
comparisons test to identify the significance of differences among 
average amounts, applying SPSS Statistic 16 software. p < 0.05 was 
statistically regarded significant. 

3. Results and discussion 

3.1. Characteristics of identified carotenoid-producing yeasts 

The twenty five yeast isolates were purified and 20 pigmented yeast 
isolates were chosen. The other five isolates were avoided because their 
colors were white or white with red top and were regarded as non- 
pigmented yeasts. The cultural and microscopic features of chosen 20 
yeast isolates were similar. Yeast isolates were sub cultured on agar 
plates to provide 2 days old yeast cultures. Sixteen pigmented yeast 
isolates were deleted because they weakly grew on agar. Among 25 
isolates, only four (codified as M14, M22, M23, M24) had an orange to 
red color at high intensity with quick growth and high pigment making 
abilities were isolated from soil of the forest areas as pure cultures. Pure 
cultures were transferred to Yeast extract-peptone-glycerol agar me
dium because of high ability of yeast cells to survive on the medium as it 
was shown by measuring the absorbance at λ600 nm after 5 days; it is 
based on the high content of minerals and the presence of glycerol as a 

pigmentation stimulant factor in this medium. The investigated 4 cul
tures indicated similarity in major features. The isolates developed 
mucous, smooth surface with orange to red colored colonies on YPG agar 
plates. In microscopic examination, the isolated cells had oval or round 
shape with asexual reproduction, indicating multi-lateral budding and 
the absence of ascospores, occasionally a few rudimentary pseudohy
phae. They have assimilated sugars like glucose, galactose, sucrose, 
maltose, melezitose, trehalose, raffinose. The assimilation of methanol 
and nitrate was negative. Growth at 37 ◦C was weak for all four isolates, 
because of adaptation with low average temperatures of the forest parks. 
Additional tests to classify the isolate to the levels of genus and species 
were done and the results are mentioned in Table 1. The studying fea
tures of yeast isolates agree well with those of Rhodotorula mucilaginosa. 

The results were not enough to classify the genus, hence Internal 
Transcribed Spacers (ITS) of ribosomal DNA sequence were amplified to 
approve isolates classification (Fig. 1). ITS sequence provided from 
isolates Rhodotorula sp. M14, M22, M23, M24 was compared to the se
quences in GenBank database and indicated that the isolates had > 99% 
homology to Rhodotorula mucilaginosa. 

Carotenoids making microorganisms are isolated from soil [35], cave 
[36], marine [37], and slattern crystallizer pond [38] environments. The 
soil is a multiple and considerable ecosystem which can prepare yeasts 
with biotechnological potential to produce carotenoids. Some yeast 
species can synthesize carotenoids, in particular, genera Rhodotorula 
which is one of major carotenoid-forming yeasts with predominant 
synthesis of β-carotene, torulene and torularhodin [39–41]. 

Producing carotenoid pigments in multiple natural isolates of genera 
Rhodotorula was investigated by others, like Rhodotorula mucilaginosa, 
Rhodotorula glutinis, Rhodotorula minuta, and Rhodotorula graminis [42]. 
Maldonade et al. isolated 5 yeasts strains of Rhodotorula mucilaginosa 
and Rhodotorula graminis from 242 samples of soil, leaves and fruits that 
can make carotenoid pigments [43]. Libkind et al. screened and deter
mined caroteniod making yeast strains Rhodotorula mucilaginosa from 
natural environment of Patagonia [44]. El-Banna et al. isolated 46 yeasts 
from natural environments; all the strains belonged to Rhodotorula glu
tinis [45]. Griffin and Kernaghan isolated Rhodotorula mucilaginosa 
(GenBank submission number: MT028113.1) from upland forest in Nova 
Scotia, Canada, which has high similarity with ITS sequences and 
ecosystem parameters of this study. We isolated and determined soli 
yeasts that can make carotenoid pigment, due to morphological and 
physiological characterization, biochemical tests and ITS sequence, and 
our results indicated that all isolates was finally determined as Rhodo
torula mucilaginosa. 

3.2. Optimization of five effective parameters on total carotenoid and 
biomass yield in the isolates 

3.2.1. Culture medium 
The impact of different culture media was analyzed to identify the 

optimal growth conditions, comparative efficiency of every culture 
medium for cells growth was indicated in Fig. 2. The profitability of 
pigment production is basically identified by the yield of cellular 
biomass in various media, in addition to carotenoid content in biomass, 
and the time of cultivation which is indicated in Table 2. The yeast 
isolates showed the ability to grow and biosynthesize carotenoids in the 
media. Biomass yield and content of carotenoids in biomass strongly 
depended on the composition of the culture medium. As detailed in 
Table 2, the isolates performed best in YPG broth, followed by YM broth, 
YPD broth and PDB broth. The differences showed YPG medium was 
considerably favored for growth and carotenogenesis of tested yeast 
isolates. The greatest biomass yield of determined isolates was provided 
in YPG medium (approximately 20 gd.w./L) that were considerably 
highest than those after cultivation in other media. In addition to yeast 
extract and peptone that obtain nitrogen, amino acids and vitamins, YPG 
medium contains glycerol as carbon source which are regarded efficient 
enhancers of the whole carotenoids production [46]. Due to the results, 

Fig. 1. Polymerase chain reaction products of isolated yeasts using primers ITS 
1 and ITS 4 on 1% (w/v) agarose gel electrophoresis; lanes: (M) 1 Kb DNA 
Ladder; (M14, M22, M23, M24) PCR products of Rhodotorula mucilaginosa iso
lates; (C-) negative control. 
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Fig. 2. Growth kinetics of Rhodotorula mucilaginosa isolates by measuring OD600 nm for up to 120 h in different culture media of; (A) YPG, (B) YM, (C) YPD, (D) 
PDB. Data are representative of three independent experiments. 

Table 2 
Yield of cellular biomass (g/L) and total carotenoid content (μg/gd.w) in various media after 120 h of cultivation R .mucilaginosa yeasts.  

Culture medium M14 M22 M23 M24 
Ybio Tcar Ybio Tcar Ybio Tcar Ybio Tcar 

YPG 20.07 ± 0.025 144.31 ± 0.032 20.296 ± 0.035 146.44 ± 0.045 20.22 ± 0.04 145.50 ± 0.045 20.15 ± 0.05 145 ± 0.05 
YM 9.55 ± 0.040 95.90 ± 0.045 10.23 ± 0.04 96.22 ± 0.02 10.18 ± 0.060 96.01 ± 0.076 10.18 ± 0.04 96.23 ± 0.060 
YPD 8.976 ± 0.035 90.29 ± 0.045 9.32 ± 0.045 91.78 ± 0.03 9.286 ± 0.032 91.15 ± 0.0450 9.13 ± 0.017 91.13 ± 0.042 
PDB 6.95 ± 0.040 84.80 ± 0.040 7.186 ± 0.065 85.106 ± 0.065 7.10 ± 0.040 85 ± 0.075 7.16 ± 0.035 84.99 ± 0.07 

(Ybio, Yield of cellular biomass (expressed as dry weight after 120 h growth); Tcar, totals carotenoid content, expressed as β-carotene equivalents). 

Table 3 
The values of biomass (g/L), volumetric yield of carotenoids (mg/L) and volumetric carotenoids productivity (mg/L/h) at different temperature in YPG medium.  

Temperature M14 M22 M23 M24 
Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar 

22◦C 15.80 ±
0.045 

1.80 ±
0.0556 

0.015 ±
0.005 

16.55 ±
0.04 

1.98 ±
0.01 

0.016 ±
0.005 

16.28 ±
0.036 

1.90 ±
0.015 

0.014 ±
0.003 

16 ± 0.01 1.85 ±
0.01 

0.014 ±
0.002 

28◦C 18.31 ±
0.045 

2.60 ±
0.0550 

0.021 ±
0.003 

20.55 ±
0.045 

3.06 ±
0.035 

0.024 ±
0.003 

20.26 ±
0.040 

2.97 ±
0.015 

0.024 ±
0.0025 

19.87 ±
0.02 

2.85 ±
0.005 

0.022 ±
0.001 

30◦C 18.02 ±
0.072 

2.43 ±
0.05 

0.03 ±
0.02 

19.72 ±
0.03 

2.81 ±
0.040 

0.022 ±
0.002 

19.43 ±
0.035 

2.73 ±
0.020 

0.022 ±
0.0011 

18.93 ±
0.026 

2.66 ±
0.015 

0.022 ±
0.001 

35◦C 8.70 ±
0.03 

0.60 ±
0.0503 

0.004 ±
0.003 

10.89 ±
0.04 

0.85 ±
0.030 

0.006 ±
0.003 

10.62 ±
0.040 

0.82 ±
0.026 

0.006 ±
0.0015 

9.95 ±
0.01 

0.74 ±
0.02 

0.006 ±
0.001 

37◦C 5.01 ±
0.07 

0.21 ±
0.050 

0.001 ±
0.0005 

6.75 ±
0.032 

0.33 ±
0.04 

0.003 ±
0.002 

6.33 ±
0.025 

0.29 ±
0.03 

0.002 ±
0.001 

5.86 ±
0.02 

0.24 ±
0.02 

0.002 ±
0.0015 

(Ybio, Yield of cellular biomass; YCar, volumetric yield of carotenoids; QCar, volumetric carotenoids productivity). 
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carotenoid content were considerably greatest in YPG medium 
(approximately 145 μg/gd.w) than in other media (approximately 85–96 
μg/gd.w). It may be resulted from the reality that glycerol is the skeleton 
of the structure of triacylglycerol molecules, in which its presence in 

medium may induce carotenoids biosynthesis by yeasts [47]. It may be 
that glycerol is metabolized rapidly and passes through the cell mem
brane by facilitated diffusion [48] and causes stress inside the yeast 
cells, Therefore stimulating the production of carotenoids and other 

Fig. 3. The effect of temperature on carotenoids production by R. mucilaginosa isolates.  

Fig. 4. The effect of initial pH on carotenoids production by R. mucilaginosa isolates.  

Table 4 
The values of biomass (g/L), volumetric yield of carotenoids (mg/L) and volumetric carotenoids productivity (mg/L/h) at different initial pHs at 28 ◦C in YPG medium.  

pH M14 M22 M23 M24 
Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar 

4 16.68 ±
0.44 

2.08 ±
0.02 

0.016 ±
0.001 

17.64±0.02 2.52 ±
0.02 

0.022 ±
0.001 

17.24 ±
0.015 

2.15 ±
0.01 

0.016 ±
0.001 

16.96 ±
0.003 

2.07 ±
0.006 

0.017 ±
0.0001 

5 21.93 ±
0.015 

3.48 ±
0.025 

0.028 ±
0.003 

22.34±0.01 3.60 ±
0.015 

0.03 ±
0.01 

22.21 ±
0.005 

3.57 ±
0.005 

0.0296 ±
0.0005 

22.20 ±
0.006 

3.56 ±
0.005 

0.029 ±
0.0002 

6 22.62 ±
0.015 

3.70 ±
0.015 

0.033 
±0.025 

23.30±0.005 3.93 ±
0.02 

0.032 ±
0.002 

23.04 ±
0.01 

3.85 ±
0.01 

0.032 ±
0.0005 

22.88 ±
0.001 

3.78 ±
0.007 

0.031 ±
0.0004 

7 21.4 ±
0.026 

3.31 ±
0.020 

0.027 ±
0.002 

21.89±0.015 3.47 ±
0.01 

0.028 ±
0.0005 

21.9 ±
0.01 

3.47 ±
0.015 

0.028 ±
0.001 

21.79 ±
0.0005 

3.44 ±
0.005 

0.028 ±
0.0004 

8 12.25 ±
0.011 

1.09 ±
0.026 

0.007 ±
0.001 

13.37±0.01 1.29 ±
0.015 

0.02 ±
0.01 

12.89 ±
0.015 

1.2 ±
0.01 

0.02 ± 0.01 12.55 ±
0.006 

1.14 ±
0.0015 

0.008 ±
0.0005 

(Ybio, Yield of cellular biomass; YCar, volumetric yield of carotenoids; QCar, volumetric carotenoids productivity). 
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secondary metabolite [49, 50]. Therefore, based on other authors [51, 
52] glycerol confirmed to be a well-suited substrate for carotenoids 
production. Saenge et al. [53] reported R. glutinis TISTR 5159 yeast 
culture in media containing ammonium sulfate as a source of nitrogen 
and 5% and 9.5% glycerol. The yield of cellular biomass was only 5.15– 
5.65 gd.w./L, while the yield obtained in the present study in YPG me
dium was approximately 20.08–20.30 gd.w./L. The mixture of peptone 
and yeast extract with glycerol in optimized amounts permits the for
mation of a complex medium, which is a source of macro- and micro
nutrients required for isolates growth. Besides, high dextrose amounts in 
the medium can reduce the efficiency of carotenoid biosynthesis by 

Rhodotorula yeast [54]. Increased dextrose suppresses the production of 
carotenoids due to the incidence of the Crabtree effect in yeasts [54, 55]. 
Although yeasts of the genus Rhodotorula are regarded as 
Crabtree-negative [56], some strains may produce ethanol [57]. It is 
likely that reduction of carotenoid production expressed in YM, YPD and 
PBD broth media with added dextrose was due to the Crabtree effect. 

The significant difference of the performance of the isolates were 
examined and it was noticed that in each medium separately, there is no 
significant (p < 0.05) difference between the isolates. Comparatively, 
isolate M22 was the best in production of cell biomass and carotenoids 
biosynthesis followed by M23, M24 and M14 in the all media. 

Fig. 5. The effect of light on carotenoids production by R. mucilaginosa isolates.  

Table 5 
The values of biomass (g/L), volumetric yield of carotenoids (mg/L) and volumetric carotenoids productivity (mg/L/h) under white-light LED illumination at 28 ◦C, 
initial pH 6.0 in YPG medium.  

Light M14   M22   M23   M24 
Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar Ybio YCar QCar 

Light- 
free 

22.61 ±
0.035 

3.71 ±
0.01 

0.026 ±
0.005 

23.31 ±
0.01 

3.93 ±
0.01 

0.031 ±
0.0005 

23.03 ±
0.01 

3.84 ±
0.015 

0.032 ±
0.001 

22.87 ±
0.015 

3.79 ±
0.006 

0.031 ±
0.001 

White 
light 

22.29 ±
0.040 

4.87 ±
0.01 

0.041 ±
0.001 

23.9 ±
0.01 

5.45 ±
0.01 

0.045 ±
0.0005 

23.67 ±
0.015 

5.32 ±
0.005 

0.044 ±
0.0005 

23.41 ±
0.01 

5.22 ±
0.060 

0.042 ±
0.001 

(Ybio, Yield of cellular biomass; YCar, volumetric yield of carotenoids; QCar, volumetric carotenoids productivity). 

Fig. 6. Carotenoid production by Rhodotorula mucilaginosa isolates under optimized culture conditions according to absorption spectra of β-carotene at 450 nm.  
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3.2.2. Incubation time 
The maximum pigment production was accessed at an incubation 

time of 120 h of cultures on shaker. Kinetics of cells growth and 
pigmentation in YPG broth showed that after 72 h, growth reached 
stationary phase in which the activity of pigment production was 
considerably detectable to continue at late stationary phase (120 h) 
[Fig. 2A]. Hewedy et al., 2009 noted that optimum incubation period for 
pigmentation in the yeast Rhodotorula is 120 h, while 24–72 h as opti
mum time was reported for most bacteria [58, 59]. Since carotenoid 
biosynthesis in yeasts start at the late logarithmic phase continuing in 
stationary phase [59–62], to increase the yield of carotenoid in media, 

the time of cultivation should be extended. 

3.2.3. Incubation temperature 
Carotenoids synthesis is highly influenced by the temperature of 

incubation which has to be monitored in fermentation, ranging from 22 
to 37 ◦C were controlled for biomass and carotenoids production in 
isolates (Table 3). As shown in Fig. 3, maximal carotenoids production 
was obtained at 28 ◦C for all the isolates. Carotenoid formation rates 
increased by the increase in temperature up to 28 ◦C, and sharply 
reduced above 30 ◦C. It may be regarding the denaturation of enzyme 
system of microorganism in higher temperatures. The same result was 

Fig. 7. HPLC chromatogram of the carotenoids from R. mucilaginosa isolates; (A) Standard beta-carotene, (B) R. mucilaginosa-M23, (C) R. mucilaginosa-M24, (D) R. 
mucilaginosa-M22, (E) R. mucilaginosa-M14. 
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reported for Rhodotorula mucilaginosa [63]. Malisorn and Suntornsuk 
reported optimum temperature for maximum Rhodotorula glutinis 
growth and carotenoids biosynthesis was 29 ◦C and 30 ◦C [64]. Since, 
temperature impact regulates enzyme concentration included in 

carotenoids production [65]; carotenoid levels could be monitored in 
cells. 

Fig. 8. FTIR profiling of carotenoid pigments produced by R. mucilaginosa isolates; (A) Standard beta-carotene, (B) R. mucilaginosa-M14, (C) R. mucilaginosa-M22, (D) 
R. mucilaginosa-M23, (E) R. mucilaginosa-M24. 
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3.2.4. Culture medium pH 
Other factor which influences carotenoid content in yeast biomass is 

the pH amount of culture media[66,67]. The impact of culture medium 
pH on cell biomass and pigment biosynthesis was assessed at 28 ◦C in 
YPG medium (Fig. 4, Table 4). Due to Table 4, volumetric yields after the 
cultivation of R. mucilaginosa isolates in media at pH 5.0, 6.0 and 7.0 
were almost similar and amounted to 3.31– 3.93 mg/L which resulted 
from the higher yields of cellular biomass and the content of whole 
carotenoids. Thus, the optimal pH amount of culture media was at pH 
6.0 under our culture conditions. A similar optimal pH 6.0 was seen for 
carotenoid production in species of Rhodotorula mucilaginosa and Rho
dotorula graminis [43]. Sharma and Ghoshal [63] reported that pH 6.1 
yielded the highest biomass and carotenoid concentrations for 
R. mucilaginosa in their work. On the other hand, producing β-carotene 
by yeast Rhodotorula mucilaginosa and Rhodotorula acheniorum was 
favored at a lower pH 5.5 [67]. Given that alkalinization of a culture 
medium as a stressor affects the metabolism of yeast cells and absorption 
of nutrients and induces the expression of genes responsible for cellular 
glucose metabolism, over-synthesis of polysaccharides including treha
lose instead of synthesizing lipids and carotenoids occurs inside the cell. 
Hence, the optimum pH for most Rhodotorola species is between 5 and 6 
[68–70]. 

3.2.5. Light 
Light was regarded a critical parameter for pigmentation; thus, it 

improves carotenogenesis which is a photoprotective mechanism to 
inhibit the cells from light which causes damage [71–73]. The cells 
cultivated under white-light LED (wavelengths of 395–530 nm) indi
cated higher production of carotenoids compared to LED-off cultivation. 
Then, illuminated phase changed the intensity of the cells’ color of the 
isolates and enhanced carotenoids content from 170 μg/gd.w. to 228 
μg/gd.w. in culture conditions with pH 6.0 at 28 ◦C in YPG medium of 
hyper-pigmented R .mucilaginosa-M22 (Fig. 5). Due to the much lower of 
carotenoids content in biomass without illumination, the amount of 
volumetric biosynthesis yield was comparable with that provided in 
light condition. Based on table 5 data, the highest volumetric yield of 
carotenoid production (5.44 mg/L) was found after the cultivation of 
R. mucilaginosa-M22 yeast in medium exposure to white light with initial 
pH 6.0 at 28 ◦C. In these conditions, carotenoid biosynthesis produc
tivity was 0.045 mg/L/h. Thus, for remain isolates YCar and QCar values 
did not reduce to less than 4.88 mg/L and 0.040 mg/L/h, respectively 
(Table 5). Some researchers have surveyed the utilization of artificial 
lighting like light-emitting diodes (LEDs) to advance the production of 
target compounds like carotenoids. 

Moreover, Yen and Zhang [74] assessed β-carotene production by 
Rhodotorula glutinis in a batch reactor equipped with two LED lamps 
which caused an increase of β-carotene concentration from 14.69 μg/g 
to 24.6 μg/g. Moliné et al. [75] reported that the hyper-pigmented of R . 
mucilaginosa strains indicated enhanced survival (250%) due to relation 
among carotenoids, ergosterol and cell UV-light resistance. 

Rodriguez-Amaya et al. [76] and Delia [77] proposed the absorption 
spectra of β-carotene to be around 450 nm. Regarding absorption 
maxima of pigments extracted from isolates at 450 nm, isolate M22 
produced higher amount of β-carotene when compared to other isolates, 
under optimized culture conditions (Fig. 6). The carotenoid content has 
not had a considerable difference among determined isolates (Fig. 5), 
while R. mucilaginosa-M22 mentioned the greatest amount (228 μg/g); 
R. mucilaginosa-M14 noted the lowest amount (219 μg/g). The whole 
carotenoid content highly alters in Rhodotorula sp. Perrier et al. [78] 
identified the whole carotenoid from Rhodotorula sp., and observed that 
the concentrations changed from 10 μg/g to 100 μg/g. Shih and Hang 
[79] also provided total carotenoids of Rhodotorula sp., noted as 
β-carotene, at a range from 52.2 to 131 μg/g. By various culture con
ditions, the value of cellular biomass highly changed from 5 to 23.90 gd. 

w./L and the whole carotenoids content changed from 42 to 228 mg/g. 
The yields from genus Rhodotorula provided in abovementioned studies 

were lower than those obtained that can be attributed to culture medium 
and other cultivation circumstances. El-Banna et al. [45] suggested that 
the content of carotenoids in yeast biomass could be regarded low for 
amount < 100 μg/gd.w., the average for 101–500 μg/gd.w., and high for >
500 μg/gd.w. 

3.3. Analysis of produced beta-carotene by HPLC and FT-IR 

HPLC analysis (Fig. 7), retention time of standard β-carotene was 
5.96 min. Extracted carotenoids from the isolates, peaks with the same 
retention time were recorded. Therefore, the extracted pigments were 
identified as β-carotene. On the other hand, FTIR absorption spectra of 
extracted pigments was dominated by two major and strong peaks at 
3417 cm–1 (aromatic O–H), and 1659 cm–1 (aromatic C = C) and 
medium peaks at Vmax 2927(=C–H), 2654 (-C-H), 1459 (C–H) and 1054 
(C–C) (Fig. 8). Different functional groups absorb the characteristic 
frequencies of IR radiations differently. FT-IR determined the functional 
groups of carotenoid extracts, and showed that pigments pattern are 
similar to chromatogram given by standard beta carotene. 

Our achievements suggest that the tested yeast isolates of the 
R. mucilaginosa are average producers of carotenoids which will be one 
of the promising biofactories for the commercial production of carot
enoids by optimizing culture conditions. 

4. Conclusions 

Rhodotorula mucilaginosa is predominant and abundant soil yeast in 
Tehran’s forest parks which was indicated a potential candidate for 
carotenoids production, basically β-carotene. The research revealed that 
it is possible to maximize the content of carotenoid biosynthesis by yeast 
isolates when growing in YPG medium with optimal carotenogenesis 
conditions; an incubation time of 120 h, temperature of 28 ◦C, and pH 
6.0 and exposure to white light. The cultural medium was composed by 
20 g/L peptone, 10 g/L yeast extract, 20 mL/L glycerol. Under optimal 
conditions, an average of maximum carotenoid content of 223.5 μg/gd.w. 
was provided. Collectively, the findings indicate that yeast 
R. mucilaginosa could become a biosource of carotenoids as natural an
tioxidants that enable to cover the global requirement by pharmacutical, 
food, beverages, poultry, cosmetic and others industries. 
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